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Abstract Nanomixed SnO2–Al2O3 with variable com-
position has been synthesized by sol–gel technique using
aluminium dichloride and stannous chloride as precursors.
Synthesized nanocomposites have been characterized using
various techniques such as X-ray diffraction (XRD),
Fourier transform infrared, scanning electron microscopy
and Energy-dispersive X-ray spectroscopy (EDX), Bru-
nauer–Emmett–Teller (BET). XRD shows decrease in
crystallinity as alumina component increases in following
series of nanomixed oxides. The specific surface area cal-
culated by Brunauer–Emmett–Teller (BET) method was
about 191 m2/g and average pore diameter of 158 A˚.
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Introduction
The advancement in nanoscience can be attributed to its
wide range of properties and applications (Mandayo 2007).
SnO2 is an important n-type wide-energy-gap (Eg = 3.64
eV, 330 K) which makes it more valuable in solid state gas
sensors (Butta` et al. 1992; Ying et al. 2004), transparent
conducting electrodes (Chopra et al. 1983), rechargeable Li
batteries (Peng et al. 2000) and optical electronic devices
(Aoki and Sasakur 1970). Physical properties like electrical,
catalytic, etc. can be enhanced considerably by mixing of
oxides. Characterization of some mixed-metal oxides with
excellent properties has been reported (Kirszensztej et al.
2004; Lopez et al. 1992; Lin et al. 1997; Sheng et al. 1994).
Saha et al. (2001) reported that addition of alumina to SnO2
can improve the properties of SnO2 sensors, even without
altering the lattice of SnO2. Best electro-chemical perfor-
mance is achieved while applying Al-doped SnO2 com-
posites as the active anode material, and the electrochemical
performance of 10 % Al-containing SnO2 is strongly
influenced by the precursors and thermal treatment (Al-
cantara et al. 2000). Alumina doping in range of 5 % can
enhance the gas sensitivity of SnO2 towards hydrogen (Xu
et al. 1991), exhibit efficient applications in display devices
and vacuum electronics (Ma et al. 2008). SnO2 and Al2O3
give the best capacitive performance with a value of 119 F
g-1 after being cycled 1000 times in comparison with the
pure SnO2 (Jayalakshmi et al. 2006; Venugopal et al. 2008),
shows excellent catalytic effect (Adriana et al. 2008). Al2O3
can also be used as a binder in SnO2 sensors (Yamazoe
1991; Nakamura 1989). Various methods have been used
for preparing mixed metal oxides. Among these techniques,
sol–gel has proved to be simple, reproducible and inex-
pensive route for large area of applications and are of par-
ticular interest for generating materials intermixed almost at
the atomic level. Due to its ability to bring several com-
ponents into solution phase during the sol–gel step makes
this technique attractive for the preparation of multi-com-
ponent oxides (Heiba et al. 2010). In this present work,
mixed metal oxide of SnO2–Al2O3 of variable composition
has been synthesized by using sol–gel technique and char-
acterized for their structural and microstructural properties.
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Materials and methods
SnCl22H2O (97 % purity) and aqueous ammonia
(28–30 %/14.8 M) were purchased commercially from
Molychem. AlCl3 was purchased from Thomas Baker (99.5
% purity). Series of nanomixed SnO2-Al2O3 have been
synthesized by varying the Al to Sn molar ratio in the order
1:0, 2:1, 1:1, 1:2, 0:1. Ethanolic solution of aluminium
trichloride (AlCl3) was added to an ethanolic solution of
stannous chloride dihydrate (SnCl22H2O) under vigorous
stirring, which resulted in the formation of a transparent
sol. Thereafter an amount of nearly 7–8 ml aqueous
ammonia solution was added dropwise to the above solu-
tion under constant stirring in a controlled manner till the
formation of a gel. The resulting gel was filtered and
washed with methanol to remove impurities, and subse-
quently dried at 100C for 2 h in order to obtain dried gel.
Thus dried gel was further calcined at 450C for 4 h at 5 C
per minute rate of increase of temperature and the calcined
powder was crushed to fineness using mortar and pestle.
To identify phases and their crystallinity, powder X-ray
diffraction (XRD) studies were carried out by Advance
Rigaku diffractometer using CuKa (k=0.15406 nm), radi-
ation in the 2h range from 10 to 80o. The scanning electron
microscopy (SEM) images were recorded on JEOL JSM
6610V and used to investigate the morphology and the
particle size of the product. EDX was carried out on Zeiss
EDAX EVO-18 at 15k Volt. Microscopic images were
obtained using a TEM TECHNAI GT30 50–300 with was
operated at 80 kV. FTIR spectra have been recorded on
Perkin Elmer 5700 in transmission mode in the
wavenumber range 400–4000 cm-1. The spectroscopic
grade KBr pellets were used for collecting the spectra with
a resolution of 4 cm-1 performing 32 scans. The nitrogen
adsorption–desorption isotherms were measured at 77 K
using Quantachrome Autosorb Automated Gas Sorption
System The samples were degassed at 200 C for 3 h under
vacuum before measurement. The specific surface areas
were calculated by Brunauer–Emmett–Teller (BET)
method. The pore diameter and pore size distribution were
measured from desorption branches by the Barrett–Joyner–
Halenda (BJH) method.
Result and discussion
The phase purity of nanomixed xSnO2–Al2O3 was studied
by powder X-ray diffraction (XRD) patterns as shown in
the Fig. 1. Miller indices (hkl) of the diffraction peaks of
SnO2–Al2O3 nanocomposites are matched with JCPDS
card numbers 41–1445 and 010–0425. The peak broaden-
ing in the XRD pattern indicates that the particles are
nanosized with size ranging between 13 and 15 nm which
has been estimated from the Debye–Scherrer’s equation
using the XRD line broadening as follows
b ¼ kk=scosh ð1Þ
where s is the crystallite size, k is the wavelength of the
X-ray radiation (Cu K= 0.15406 nm), k constant taken as
0.94, h the diffraction angle and b is the line full width at
half maximum height.
Powder XRD patterns confirm that there is no appear-
ance of any impurity peaks in the nanocomposites. The
XRD patterns of the system xSnO2–Al2O3 with x = 0, 25,
50, 75, 100 % calcined at 450 C are shown in Fig. 1. XRD
graph contains remarkable peak broadening for the doped
samples with alumina compared with pure SnO2, repre-
senting that incorporation of alumina can efficiently inhibit
crytallinity of SnO2 throughout the process of calcinations.
Figure 1 also shows that the diffraction peaks become
narrower and stronger for pure SnO2 revealing that the
crystallites grow larger and the crystallinity is improved.
Diffraction patterns of the doped samples bear a resem-
blance to that of the pure SnO2 excluding some peaks
which belongs to Al2O3. This means that Aluminium is
entrenched in the SnO2 lattice, interstitially forming a solid
solution (Heiba et al. 2010). Decrease in crystallite size and
crystallinity were observed with the increase in doping
amount of aluminium in SnO2 lattice was observed (Fig. 2;
Table 1).
The comparative FTIR spectrum for all the five syn-
thesized nanocomposites is shown in Fig. 3. Spectra of
each sample shows a well-defined peaks around 620–600
cm-1 which can be attributed to Sn–O or Sn=O bond
stretching (Niranjan et al. 2005; Granquist 1990). Broad
peak around 3500–3400 cm-1 is due to presence of
moisture in the samples. Broadening of Sn–O bond peak in
sample with increasing percentage of aluminium can be
attributed to formation of Sn–O–Al bond, which shows the
formation of mixed metal oxide nanoparticles.
Nitrogen adsorption isotherms of 0.5 SnO2–0.5Al2O3
was plotted (Fig. 4) which resembles with isotherm of type
IV according to the IUPAC nomenclature (Sing et al.1985).
This generally occurs on porous adsorbents with pores in
the range of 1.5–150 nm, thus revealing a porous character
of the samples with a specific surface area of 191 m2/g,
average pore diameter of 158 A˚ and pore volume 0.5 cc/g.
Average particle size, DBET was 12 nm which have been
confirmed by the BET isotherm. Hence BET isotherm and
pore size distribution curve explains the presence of
porosity in the nanoparticles which could have applications
in gas adsorption and sensors.
TEM images of sol–gel derived nanocomposites are
shown in Fig. 5. Non-homogeneous structures and selected
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area diffraction pattern is shown in inset of the Fig. 5,
which indicates that the SnO2–Al2O3 nanocomposites are
highly crystalline in nature and the shape was found to be
octagonal. It can be seen from the TEM image that the
average particle size is 20–25 nm, which is in agreement
with the crystallite, size obtained from XRD.











Sn 01:02 01:01 01:02 Al
Fig. 2 Crystallite size of
nanoparticles calculated by
Debye-Scherer equation
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Figure 6 shows the scanning electron micrographs
(SEM) of SnO2–Al2O3 nanocomposites at different mag-
nifications in the 1 lm range as indicated by (a, b, c and d).
It has been observed that nanocomposites exhibit spherical
morphology and are highly porous, with foam-like struc-
ture clustering of particles seems to have occurred on the
surface. The particle size measurement of SnO2–Al2O3
nanocomposites from SEM images is found to be greater as
compared to calculated from powder XRD. The increment
in particle size of nanocomposites could be due to the
sintering at 450 C, resulting in particle binding and
agglomeration (Ansari et al. 2002). However, SEM showed
different aggregation of nano sized Al2O3 particles and
there was a slight difference between particle size deter-
mination by the Scherrer method and particle size deter-
mination by SEM images due to particle binding and
agglomeration. Although the scales that are shown in Fig. 6
(a, b, c and d) even then these appear to indicate formation
of granular morphology, integrated by nanosized
crystallites.
Table 2 shows energy disperse X-ray (EDX) spectro-
scopic analysis of SnO2-Al2O3 nanocomposite. It shows
that aluminium, tin and oxygen components are present in
the nanocomposites, whereas chlorine and gold are also
present in trace due to the impurities present in the com-
mercially available precursor, which is also reported in the
literature (Guzman et al. 2006). Hence it can be confirmed
that the chemical composition should be SnO2-Al2O3
which also agrees with the peaks of SnO2 and Al2O3 in
powder XRD spectra. Pure Al2O3 and pure SnO2 exhibit
their characteristics peaks i.e the amount of metal present is
in proper agreement. EDX analysis indicates the presence
of metal oxides in the relative composition ratio (SnO2–
Al2O3) of 1:0, 2:1, 1:1,1:2, 0:1.
Table 1 Crystallite size of nanoparticles calculated by Debye-
Scherer equation






Fig. 3 FTIR spectra of xSnO2–Al2O3 nanocomposites
Fig. 4 a Nitrogen adsorption isotherms of .5 SnO2–.5 Al2O3 nanocomposites. b Pore size distribution of .5 SnO2– .5 Al2O3 nanocomposites
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Fig. 5 TEM images of xSnO2- Al2O3 nanocomposites synthesized via sol–gel route
Fig. 6 SEM images of xSnO2- Al2O3 nanocomposites synthesized via sol–gel route
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Conclusion
Alumina Tin oxide nanocomposites with high surface area
were synthesized through sol–gel route. The aluminium
was entrenched in the SnO2 lattice, interstitially forming a
solid solution. The Brunauer–Emmett–Teller (BET) sur-
face area successfully reached 191 m2/g. N2 adsorption
characteristics revealed that they had pores of 15.8 nm or
158 A˚, which contributed to the high surface area. Scan-
ning electron microscopy, electron diffraction, and X-ray
diffraction indicated the morphology, crystal structure, and
chemical composition of nanocrystals. Novel process
allowed us to avoid sintering and deformation of the
crystals, and hence realized a high surface area and unique
morphology.
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